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Abstract. In this work, we carry out by utilizing the distance equation with
providing some basic descriptive statistics for both apparent and absolute mag-
nitudes, the distances of some open clusters (i.e., Hyades, Pleiades, IC 2391,
Koposov 12, Koposov 43, NGC 1348, NGC 2112, NGC 4337, SAI 24, and SAI
94) with the assumption that all members N are scattering around a mean
absolute magnitude in a Gaussian distribution. Our numerical obtained results
are in good agreement with previously calculated values. In the second part of
the paper, we have calculated the luminosity function of Hyades open cluster
by Salpeter’s normalized function Ψ(MV) due to frequency distribution func-
tion Φ(MV), on this way, we have got a very significant relationship between
them with absolute magnitudes MV (i.e., the linear correlation coefficient ∼
0.995), and the error analysis are also given.

Key words: Open clusters; Distance equation (Malmquist bias); Density dis-
tribution function.

1. Introduction

Open clusters are mostly found in the spiral arms of the Milky Way Galaxy;
therefore, they are suitable traces in the studies of Galactic disk and structure
(Carraro et al. 1998; Chen et al. 2003; Joshi et al. 2016). Open clusters and/or
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stellar associations have been used to determine spiral arm structure, to map the
rotation curve of the Galaxy, to investigate the mechanisms of star formation
and its recent history, and to constrain the initial luminosity and mass function
(LF and MF) in aggregates of stars. Old clusters, and in large distances, are
used to define disk abundance gradients, the cluster age-metallicity relationship,
point to a complex history of chemical enrichment, and mixing in the disc (Friel
1995).

Particularly, the oldest members with Galactic open clusters, serve as ex-
cellent probes of the structure and evolution of the Galactic disk. Individual
clusters provide excellent tests of stellar and dynamical evolution.

One of the most important pieces of information needed in astronomy is
the distances to the stars or celestial objects. If the distance (r; pc) of a star
is known as well as its proper motion (µ; mas/yr) then one can calculate its
tangential velocity (Vt; km/s) to the line of sight (Robinson 1985). Also, having
measured the distances to the globular clusters, we can study the distribution
in the Galaxy (Cassisi et al. 2001; Duncan et al. 2001). In moving clusters if
the equatorial coordinates of the vertex and the distance of each member are
known, then one can easily determine the velocity of the cluster and the position
of its center (Elsanhoury et al. 2013). On the other hand, the determination
of distances within our Galaxy allows us to calibrate the distance indicators
(Shanks 1997; Borchkhadze and Kogoshvili 1999). Moreover, determining dis-
tances would also help astronomers in their quest to understand the size and
age of the universe (Willick and Batra 2001; Mazumdar and Narasimha 1990),
since it would provide an independent estimation of the size of the first steps on
the cosmic distance ladder. Consequently, it contributes to the theories about
the origin of the universe.

The purpose of our research work is to compute the distances of some open
clusters based on the so-called Malmquist bias with aid of the second Gaia data
release Gaia DR21 (Cantat-Gaudin and Anders 2020).

The catalog of the second Gaia database release comes to a G-band mag-
nitude for sources brighter than 21 mag (Weiler 2018); i.e., with 9 order of
magnitude fainter than Tycho-Gaia Astrometric Solution TGAS (Michalik et
al. 2015). At its faint end, the Gaia DR2 astrometric precision is accurate with
that of Tycho-Gaia Astrometric Solution TGAS, whereas for stars brighter than
G.15 the precision is about ten times way better than in TGAS, thus allowed
to extend membership determination to fainter and more distant objects. For
about 1.3 billion sources, the Gaia DR2 catalog devoted to five astrometric pa-
rameters solutions; i.e., the central coordinates (α,δ), proper motion in both
sides (µα∗,µδ), and the parallaxes (π; mas). Moreover, Gaia DR2 having three
broad bands; G, GBP (Blue Prism), and GRP (Red Prism) photometric magni-
tudes; i.e., G (330-1050 nm), GBP (330-680 nm), and GRP (630-1050 nm) with
precisions at the mmag level.

1https://vizier.u-strasbg.fr/viz-bin/VizieR?-source=J/A+A/633/A99

https://vizier.u-strasbg.fr/viz-bin/VizieR?-source=J/A+A/633/A99
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In the present paper, the data analysis for our program open clusters; i.e.,
Hyades, Pleiades, IC 2391, Koposov 12, Koposov 43, NGC 1348, NGC 2112,
NGC 4337, SAI 24, and SAI 94 were achieved with Section 2 and performing
computation of the distances with a statistical magnitude analysis. Section 3
deals with the distribution function of the Hyades cluster. Section 3 is dedicated
to the conclusion of the study.

2. The distance equation

For our program, open clusters, who’s drawn in Table 1; into which the first
column presents the cluster names, second column deals with members N (can-
didates), the Galactic positions (l, b) of these targets devoted here with columns
3 and 4, mean right ascension of members (ICRS) at epoch = 2015.5 and mean
declination of members (ICRS) at epoch = 2015.5 are given here with columns
5 and 6, columns 7 and 8 gives the proper motions in both sides (µα∗,µδ) with
errors in units of (mas/yr), and the last column presents the parallaxes (π) with
its errors in units of (mas).

let us consider that; all members are on the same distance r(pc) and spread
out (scatter) around a mean absolute magnitude (Mo) in a Gaussian distribution
with dispersion (σ). Then the probability p(M)dM of a member of the celestial
set that has an absolute magnitude in the range (M & M+dM); i.e., frequency
distribution function of the absolute magnitudes of the cluster members takes
the form (Mihalas and Binney 1981; Scheffler and Elsasser 1988).

p(M)dM = Φ(M) =
1

σ
√

2π
e

−(M−Mo)2

2σ2 ,−∞ ≤M ≤ ∞ (1)

The distance equation can be written as (Abdel-Rahman et al. 2009)

r(pc) = 10
1+(ml−Mo−yσ−A−[Fe/H])

5 . (2)

where (ml; mag) is the faintest apparent magnitude of the cluster stars, (A) is
the magnitude of the interstellar absorption, [Fe/H] is the metallicity, and (y)
is the solution of the transcendental equation.

Λ(y) = y + e−
y2

2

{√
π
2

[
1 + erf

(
y√
2

)]}−1

− α = 0,

and
α = m1−m

σ
where (m; mag) is the average value of the apparent magnitude.

The distance r(pc) of the observed members that complete down to a fixed
limiting magnitude m in the absolute range M, M+dM is given by

r(pc) = 101+0.2(m−M)

The distance modulus is then given by:
(m−M) = ml −Mo − yσ −A− [Fe/H].
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Increasing [Fe/H] values affect the luminosity negatively and hence the mag-
nitudes and the distances will increase. The metallicity must be subtracted if
positive and neglected when negative.

Table 1. The fundamental parameters of our program open clusters devoted to Gaia

DR2 (Cantat-Gaudin and Anders 2020).

Clusters N l b Ra. Dec.o µα∗ ± σµα∗ µδ ± σµδ π ± σπ
deg. deg. deg. deg. mas/yr mas/yr mas

Hyades 197 180.058 -22.349 66.717(b) 15.867(b) 113.630(a) -26.350(a) 20.00(b)

Pleaides 1008 166.462 -23.614 56.601 24.114 20.077±0.035 -45.503±0.038 7.346±0.006
IC 2391 224 270.386 -6.737 130.292 -52.991 -24.644±0.056 23.316±0.049 6.582±0.010
Koposov 12 171 176.155 6.013 90.245 35.287 0.699±0.009 -1.732±0.011 0.396±0.005
Koposov 43 31 179.923 1.747 88.079 29.901 -0.037±0.021 -1.664±0.014 0.18±0.011
NGC 1348 105 146.968 -3.709 53.524 51.409 1.288±0.025 -0.726±0.025 0.404±0.006
NGC 2112 719 205.886 -12.605 88.452 0.403 -2.713±0.009 4.27±0.009 0.877±0.003
NGC 4337 247 299.316 4.555 186.022 -58.125 -8.841±0.006 1.468±0.006 0.357±0.003
SAI 24 130 138.013 1.493 44.816 60.566 -0.201±0.017 0.114±0.017 0.446±0.005
SAI 94 85 265.432 -2.176 131.171 -46.292 -4.254±0.17 4.479±0.017 0.204±0.008

(a) Perryman et al. (1998) (b) Kharchenko et al. (2016)

If we now measure the average absolute magnitude for these members, we
will obtain.

M =

∫
p(M)Mr3dM∫
p(M)r3dM

=

∫
exp

{
− (M−Mo)2

2σ2
−0.6Mln10

}
MdM∫

exp
{
− (M−Mo)2

2σ2
−0.6Mln10

}
dM

= Mo − 0.6σ2ln10 =

Mo − 1.382σ2

that is

Mo = M + 1.382σ2 (3)

Therefore the last relation between Mo and σ (Bok 1937) predicts Mo >
M ; i.e., the stars one sees at a given absolute magnitude are, on average, more
luminous than the average for all the stars in each volume. This effect (i.e.,
1.382 σ2) is called the Malmquist bias, arises because, when one selects stars
of fixed absolute magnitude, the volume element containing the more distant,
intrinsically luminous stars is larger than that occupied by the nearer, fainter
objects. The Malmquist bias too acting an important role in connection with
counts of radio Galaxies, quasars, and other objects, that have been used as
cosmological probes.

Our computed distances rc(pc) for our program and those estimated re(pc)
with different authors are drawn like in Table 2, with formats, column 1 gives
the name of the cluster, columns 2 and 3 devoted to faintest and average values
of the apparent magnitudes, respectively, column 4 deals with values of the
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absolute magnitudes, columns 5 and 6 devoted with dispersion σ and the α,
respectively, column 7 gives our computed distances rc(pc) with its errors (i.e.,√∑

(actual value - predicted value)2/N), where N is the total number of stars
in each cluster, and column 8 represents estimated ones re(pc) with different
authors as listed in column 9.

Fig. 1 presents a comparison between distances that were computed in our
work with our program abscissa (rc; kpc) and others as ordinate (re; kpc) with
a correlation coefficient ∼ 92%. Here its mentioned slightly that no systematic
difference is shown among our statistical manipulation method and others.
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Figure 1. Plot with error bars, showing consistent between our computed distances

(abscissa; rc) as listed in the seventh column of Table 2 with those (ordinate; re)

obtained by different authors (eighth column). The plot highly showing the correlation

coefficient (∼92%).
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Table 2. Our computed distances rc(pc) with its uncertainties and other estimated ones re(pc) devoted to different authors.

Clusters ml m M σ α rc ± σrc re Authors
mag mag mag mag pc pc

Hyades 11.880 7.851 4.464 2.081 1.936 51.00±0.16 47.00±0.20 Elsanhoury and Nouh (2019)
47.03±0.20 Lodieu et al. (2019)

Pleaides 17.957 14.756 9.087 2.801 1.144 120.30±1.00 135.00±1.60 Elsanhoury and Nouh (2019)
134.00 Galli et al. (2017)

IC 2391 17.980 14.715 8.802 2.838 1.151 148.00±0.27 145±2.50 van Leeuwen (2007)
147±5.50 Dodd (2004)

Koposov 12 17.993 15.538 3.512 1.402 1.752 2479.00±8.00 1850±43 Elsanhoury (2021)
2351.20 Soubiran et al. (2018)
2525.25 Cantat-Gaudin et al. (2018)
2000 Sampedro et al. (2017)
1900 Kharchenko et al. (2013)
2000±200 Yadav et al. (2011)
2050 Froebrich et al. (2008)

Koposov 43 17.725 15.896 2.279 1.236 1.481 4965.00±93.00 2500±50 Elsanhoury (2021)
4787.50 Soubiran et al. (2018)
5555.56 Cantat-Gaudin et al. (2018)
2800 Sampedro et al. (2017)
3000 Kharchenko et al. (2013)
2800 Froebrich et al. (2008)

NGC 1348 17.949 16.072 4.042 1.542 1.218 2475.00±11.00 2600±50 Bisht et al. (2021)
2475.25 Cantat-Gaudin et al. (2018)

NGC 2112 17.994 15.896 5.600 1.336 1.572 1276.00±5.00 898±41 Haroon et al. (2017)
940±70 Carraro et al. (2008)

NGC 4337 17.940 15.518 3.263 1.241 1.952 2846.00±0.30 2500±70 Bisht et al. (2020)
2801.12 Cantat-Gaudin et al. (2018)

SAI 24 17.984 15.211 3.428 1.984 1.398 2374.00±8.00 930±30 Elsanhoury and Amin (2019)
1000 Kharchenko et al. (2016)

SAI 94 17.934 16.569 3.025 1.244 1.099 5471.00±4.00 3515±60 Elsanhoury and Amin (2019)
3886 Kharchenko et al. (2016)
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3. Distribution function

The stellar luminosity function is a description of the relative number of stars
of different absolute luminosities. It is often used to describe the stellar content
of various parts of the Galaxy or other groups of stars, but it most commonly
refers to the absolute number of stars of different absolute magnitudes in the
Solar neighborhood. In this form, it is usually called van Rhijn function (van
Rhijn 1936).

The detailed determination of the luminosity function of the Solar neigh-
borhood is an extremely complicated process. Difficulties arise because of the
incompleteness of existing surveys of stars of all luminosities in any sample of
space, and the uncertainties in the basic data (distances and magnitudes).

The effect of stellar evolution on the observed luminosity functions for main-
sequence stars, Φ(MV) in the Solar neighborhood, were first investigated by
(Salpeter 1955). He reasoned that we observe at the present only those stars
which were formed less than T (MV) years ago, where T (MV) is the lifetime of
a star with an absolute magnitude MV on the main sequence. For stars with
MV >3.5 the lifetime T (MV) is larger than the age of the Galaxy, so that we
observe all the stars ever formed. For stars brighter than MV = 3.5 however, the
ratio of the number we see to the number ever formed will be T (MV)/T(Galaxy)
on the assumption of the uniform rate of star formation. Thus if Ψ(MV) is
the luminosity function of all-stars ever formed in the Solar neighborhood; i.e.,
initial luminosity function and time-dependent (Miller and Scalo 1979), then
the observed luminosity function is given by,

Φ(MV ) =
Ψ(MV )T (MV )

T (Galaxy)
. (4)

Where T(Galaxy) is a mean lifetime of the Galaxy.
Salpeter’s work is of great importance since it gives a means of predicting

the numbers of stars at any given luminosity which have been formed in the
lifetime of the Galaxy. The present-day luminosity function of the open clusters
within the Solar neighborhood (e.g. Hyades) predicts contains ≈ 25-30 white
dwarfs (Chin and Stothers 1971). The discrepancy between the observed and
a predicted number of these objects is possibly explained by evaporation from
the cluster (Weidemann et al. 1992; Eggen 1993). One possible example of an
escaped white dwarf is the P98 candidate HIP 12031 (DAwe...). It is located
beyond 40 pc from the cluster center and is possibly a kinematic member.

In what follows, we focused on the Hyades open cluster (600 Myr), the data
were excluded (i.e., 197 stars as members) with Hipparcos data by (Perryman et
al. 1998)2, which based on observations made with the ESA Hipparcos astrom-
etry satellite. According to (Salpeter 1955) and to obtain Ψ(MV ) from Φ(MV ),
we need only the bolomertic magnitude (Mbol.) and the mass (M/M�) of the

2https://vizier.u-strasbg.fr/viz-bin/VizieR?-source=J/A+A/331/81

https://vizier.u-strasbg.fr/viz-bin/VizieR?-source=J/A+A/331/81
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Table 3. Luminosity function for the Hyades
(∑

N = 197
)
.

MV Observed Φ(MV ) Ψ(MV )
3.0 3.5 1 0.165 2.575
3.5 4.0 4 0.301 2.916
4.0 4.5 6 0.529 3.256
4.5 5.0 5 0.893 3.608
5.0 5.5 10 1.44 3.992
5.5 6.0 15 2.213 4.432
6.0 6.5 11 3.23 4.95
6.5 7.0 14 4.474 5.564
7.0 7.5 15 5.875 6.276
7.5 8.0 21 7.324 7.072
8.0 8.5 16 8.691 7.914
8.5 9.0 19 9.862 8.746
9.0 9.5 18 10.777 9.504
9.5 10.0 12 11.442 10.144
10.0 10.5 10 11.937 10.665
10.5 11.0 10 12.395 11.128
11.0 11.5 6 12.989 11.662
11.5 12.0 4 13.914 12.456

stars at a given MV .

log Ψ(MV ) = log Φ(MV ) + 0.4(3.50−Mbol.)− log
M

M�
+ 0.12 (5)

The distribution of luminosities for Hyades open cluster is shown in Table
3, together with the normalized Ψ(MV ) and Φ(MV ) functions. The luminosity
function for Hyades open cluster is shown in Fig. 2, the normalized Salpeter’s
function is Ψ(MV ) shown as a solid line, while Φ(MV ) is represented by the
dashed line. The fit of Ψ(MV ) to the Hyades cluster is better than Φ(MV ). This
finding supports that the stars in clusters, as well as single stars, obey nearly
the same distribution law.

From the formulations of the above section, data of Salpeter’s luminosity
function Ψ(MV ), and frequency distribution function Φ(MV ), we get a very
significant relationship between them with an absolute magnitude MV , this
relation is given as

∆obs. = C1 + C2MV , (6)

where
∆obs. = Φ(MV )−Ψ(MV ). (7)



40 W.H. Elsanhoury, Amnah S. Al-Johani, Noha H. El Fewaty and A.A. Haroon

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14
Mv

0

2

4

6

8

10

12

14

16

18

20
Fr

eq
ue

nc
y

Y(M
V
)

f(M
V
)

Figure 2. Histograms of the luminosity functions of the Hyades open cluster. The

solid line is Salpeter’s normalized Ψ(MV ). The dashed line is the normalized general

luminosity function Φ(MV ).

where the coefficients and their probable errors are
• C1 = 3.034± 0.163
• C2 = −0.552± 0.026
• The probable error of the fit is e = 0.383
• The average squared distance between the exact solution and the least-squares
solution Q = 0.053 (Kopal and Sharaf 1980)
• The linear correlation coefficient between (∆,MV ) is r = 0.955
• The graphical representation of the raw data and the fitted data with its
absolute relative errors (i.e., ∆ = |∆obs.−∆cal.

∆cal.
|) was given in Fig. 3, where ∆obs.
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and ∆cal. are those obtained from Equations (7) and (8), respectively.

∆cal. = Ψ(MV )− Φ(MV ). (8)

Some statistical analyses of these errors are given as follows:
◦ Mean (average value) = 0.675
◦ Median (central value) = 0.330
◦ Median absolute deviation = median of |∆i− median | = 0.213

◦ Root mean square =
√

1
N

∑N
n=1(∆i)2 = 1.147

◦ Variance = 1
N

∑N
n=1(∆i −∆)2 = 0.899

◦ Mean absolute deviation = 1
N

∑N
n=1|∆i −∆| = 0.583
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Figure 3. The graphical representation between the ∆obs. vs. MV (solid line), with

its relative errors (dashed line).
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4. Conclusion

Generally, this paper is divided into two folds:

– Utilizing the distance equation, we have computed the distances rc(pc) for
some open clusters. Malmquist started by assuming that the luminosity func-
tion is scattered around a mean absolute magnitude Mo in a Gaussian dis-
tribution with dispersion σ. Although the distances calculated here are sta-
tistically devoted with magnitude analysis, they are in good agreement with
other published ones (∼92%). We must mention that re(pc) obtained mostly
photometrically which is affected by so many factors including evolutionary
factors. On the other hand, and depending on statistical distribution func-
tions, although based on averages, can give smearing out of some defects
that are inherited in other distances.

– We have computed the observed luminosity function Φ(MV ) and Salpeter’s
normalized Ψ(MV ) for the Hyades open cluster

(∑
N = 197

)
with regarding

the bolometric magnitude Mbol.. It is found that the Saltpeter luminosity
function is fitted better to the observed frequency distribution of Hyades.
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